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Technical efficiency of hospital services is debated since performance has been heteroge-
neous. Staff time represents the main resource in patient care and its inappropriate alloca-
tion has been identified as a key factor of inefficiency. The aim of this study was to analyse
the utilisation of physicians’ work time stratified by staff groups, tasks and places of work. A
further aim was to use these data to estimate resource use per unit of output.
Methods
A self-reporting work-sampling study was carried during 14-days at a University Eye Hospi-
tal. Staff costs of physicians per unit of output were calculated at the wards, the operating
rooms and the outpatient unit.
Results
Forty per cent of total work time was spent in contact with the patient. Thirty per cent was
spent with documentation tasks. Time spent with documentation tasks declined monotoni-
cally with increasing seniority of staff. Unit costs were 56 € per patient day at the wards, 77
€ and 20 € per intervention at the operating rooms for inpatients and outpatients, respective-
ly, and 33 € per contact at the outpatient unit. Substantial differences in resources directly
dedicated to the patient were found between these locations.
Conclusion
The presented data provide unprecedented units costs in inpatient Ophthalmology. Future
research should focus on analysing factors that influence differences in time allocation,
such as types of patients, organisation of care processes and composition of staff.
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Introduction
Efficient allocation of resources in health care is under increasing scrutiny due to decreasing
public budgets[1,2]. In particular, technical efficiency of hospital services is debated since per-
formance of management has been heterogeneous [3,4]. Staff time represents the main re-
source in inpatient care and was estimated to account for about two thirds of total hospital
costs [5]. Insufficient management of staff and their allocation of work time has been identified
as a key factor of inefficiency in hospitals [6]. Of particular political interest has been the share
of time physicians spent in direct contact with the patient and the time required for other obli-
gations, such as paperwork [7].
Evaluating the efficiency of health care interventions requires quantification of resource
consumption [8]. Two main approaches for the analysis of work time utilisation are time-and-
motion studies and work-sampling. Time-and-motion studies require continuous observations
of the study’s subject, often by external investigators following the subject throughout the
working day [9]. They were applied to a variety of medical subjects, such as internal medicine
[10], surgery [11], gynaecology [12], paediatrics [13] and psychiatry [14].
In contrast, work-sampling uses snap-shots of subject’s activities, usually at random points
of time, in order to estimate total work time distribution [15]. Work-sampling was found to
produce results of similar validity in comparison to time-and-motion studies [16] and its effi-
cient design allows incorporating large numbers of staff [17].
The aim of this work-sampling study was to analyse the utilisation of physicians’ work time
stratified by staff groups, tasks and places of work. A further aim was to use these data to esti-
mate resource use per unit of output. To the best of our knowledge, the presented study is the
first one of comparable scale in the field of Ophthalmology, where staff time allocation is of
particular interest, due to its multifaceted services at the overlap of surgery and medical care.
Methods
All physicians involved in clinical care at the Eye Centre of the Medical Centre—University of
Freiburg were invited to participate in a 14-day study of their work time in October 2014. The
Eye Centre has three wards with 34, 17, and 9 beds, respectively. It provides care for 5,500 inpa-
tient episodes per year with a mean length of stay of 3.2 days and a case-mix index of 0.73. Fur-
thermore, 22,000 surgical interventions are carried and 65,000 outpatient contacts are served
per year. The top-five documented inpatient main diagnoses from the International Classifica-
tion of Diseases (ICD-10) in 2013 were H40 Glaucoma (23%), H25 Senile cataract (15%), H33
Retinal detachments and breaks (10%), H02 Disorders of the eyelid (9%) and H35 Other retinal
disorders (7%).
A handheld device specifically for the purpose of work-sampling studies was used, consisting
of a pager and documentation forms. The pager gave random request during 30-minutes inter-
vals, upon which participants documented their current place and type of activity. The study in-
cluded each physician’s whole workday, starting and ending in the locker room with changing
clothes. On-call duties were excluded, such as at the weekend and during the night. Four types of
activities were surveyed. Direct care comprised all activities in contact with the patient, such as
admissions and operating procedures. Indirect care comprised activities dedicated to one or
more specific patients without their presence, such as medical reports and other documentations.
General clinical time comprised activities not attributable to specific patients but required for the
delivery of clinical care, such as staff scheduling and organisation. The category ‘other’ comprised
all non-clinical activities, such as moving between units, research, teaching and breaks.
The surveyed places were three wards, a general unit of operating rooms (OR), a unit of OR
for outpatient surgical interventions and a general outpatient unit. Research units and other
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places not dedicated to clinical care were surveyed in order to exclude time spent there from
analysis of resource use.
Furthermore, participants documented their level of seniority. Assistants were medical
graduates absolving a five-year specialist training in Ophthalmology, consultants were physi-
cians who have completed their specialist training and seniors were appointed as directors of
specific entities at the Centre.
The study was anonymous, its intention was described in advance and representatives of staff
were involved early in the development of its design in order to reduce observer effects. Consent
was given in advance and confirmed with handing in the documentations. Furthermore, the
study and its methodology were approved by the works council of the University Medical Centre
Freiburg and by the ethics committee of the Albert-Ludwigs-University of Freiburg.
Total number of patient days, surgical intervention and outpatient contacts were derived
from the patient administration database. Estimated proportions were multiplied by total work
time and the product was divided by the number of output units to calculate minutes of re-
source use per unit of output. Average personnel costs at the Eye Centre of the Medical Centre-
University of Freiburg, including non-wage labour costs were used to monetarily value estimat-
ed staff time. Confidence intervals of work time proportions and associated hospital costs were
calculated. Adjacent observations were not independently distributed but correlated by prox-
imity, since the likelihood of an activity being observed has been influenced by the previously
documented activity. Therefore, robust standard errors were calculated to adjust for autocorre-
lation between subsequent observations by clustering each working shift. Listwise deletion was
used to address missing places or types of activities since the number of missing observations
was very small (<1%) and negative effects on validity of results were unlikely [18].
Results
A total of 6,419 observations were made of 39 participating physicians, representing 3,209
working hours. The response rate was 95%. Table 1 shows the distribution of work time among
places and types of activities. Nineteen per cent of total work time was spent at the wards and
14% was spent at the ORs. The largest time-share was designated to the outpatient unit (39%).
The remainder was spent at other places, such as laboratories, offices and meeting rooms.
Four fifth of total work time was dedicated to clinical care, evenly distributed among direct
care (40%) and clinical activities without patient contact (41%), i.e. indirect care and general
clinical time. The proportions of work time allocated among types of activities differed between
places. While more than half of total work time at the ward was required for indirect care and
general clinical time, almost 90% of time at ORs was spent in direct contact with the patient.
Table 2 shows the distribution of work time among places compared between assistant, con-
sultant and senior physicians. Assistant physicians spent the main part of their time at the
wards and the outpatient unit. Consultant and senior physicians were more likely to be located
at the ORs and at other places, such as offices and meeting rooms.
Table 3 shows differences in work time allocation between types of activities. Assistants re-
quired the main share of their total work time for indirect care (40%), for example producing
medical reports or other documentations. Time dedicated to indirect care declined monotoni-
cally with increasing level of seniority to 24% in consultant and 13% in senior physicians. Se-
nior physicians dedicated the main share of their time to direct patient care (52%) and general
clinical activities, such as staff scheduling and organisation (18%).
Fig. 1 shows the monetarily valued use of staff time per unit of output. A patient day at one
of the three wards represented staff costs of 56 € in total, thereof 24 € for indirect care (43%).
Costs at the general OR represented 77 € per interventions, mainly dedicated to direct patient
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Table 1. Distribution of total work time among types and places of physician activities.
ward or outpat. or outpatient unit other total
direct care 8,30% 8,07% 4,69% 18,49% 0,41% 39,96%
(7,66%–9,01%) (7,43%–8,76%) (4,2%–5,24%) (17,57%–19,47%) (0,28%–0,59%) (38,77%–41,17%)
indirect care 7,77% 1,00% 0,25% 16,87% 4,11% 30,00%
(7,14%–8,46%) (0,78%–1,27%) (0,15%–0,41%) (15,98%–17,81%) (3,65%–4,63%) (28,91%–31,13%)
general clinical 1,82% 0,05% 0,02% 1,28% 7,51% 10,67%
(1,52%–2,18%) (0,02%–0,14%) (0%–0,11%) (1,03%–1,58%) (6,89%–8,18%) (9,94%–11,45%)
other 0,86% 0,19% 0,03% 2,49% 15,80% 19,36%
(0,66%–1,11%) (0,11%–0,33%) (0,01%–0,12%) (2,14%–2,9%) (14,92%–16,71%) (18,42%–20,34%)
total 18,76% 9,30% 4,99% 39,13% 27,82% 100,00%
(17,81%–19,73%) (8,61%–10,04%) (4,48%–5,55%) (37,94%–40,32%) (26,74%–28,93%)
percentages: maximum-likelihood estimators, parentheses: 95% conﬁdence interval, or: operation room, outpat.: outpatient.
doi:10.1371/journal.pone.0121910.t001
Table 2. Distribution of work time among places stratified by staff groups.
assistant consultant senior unknown
n = 3,572 n = 657 n = 1,898 n = 292
ward 27,63% 6,09% 8,06% 8,22%
(26,19%–29,13%) (4,5%–8,2%) (6,92%–9,37%) (5,57%–11,97%)
or 2,18% 13,85% 21,87% 4,45%
(1,75%–2,72%) (11,42%–16,71%) (20,07%–23,78%) (2,6%–7,52%)
outpatient or 2,41% 4,57% 9,48% 8,22%
(1,95%–2,97%) (3,21%–6,46%) (8,24%–10,89%) (5,57%–11,97%)
outpatient unit 49,66% 29,83% 20,55% 52,05%
(48,03%–51,3%) (26,44%–33,45%) (18,79%–22,43%) (46,31%–57,74%)
other 18,11% 45,66% 40,04% 27,05%
(16,88%–19,4%) (41,87%–49,49%) (37,85%–42,26%) (22,27%–32,45%)
total 100,00% 100,00% 100,00% 100,00%
n: number of observations, percentages: maximum-likelihood estimators, parentheses: 95% conﬁdence interval.
or: operation room, unknown: missing documentation of seniority level.
doi:10.1371/journal.pone.0121910.t002
Table 3. Distribution of work time among activity types stratified by staff groups.
assistant consultant senior unknown
n = 3,572 n = 657 n = 1,898 n = 292
direct care 34,69% 36,23% 51,69% 36,64%
(33,14%–36,26%) (32,63%–39,99%) (49,44%–53,94%) (31,3%–42,34%)
indirect care 39,53% 23,74% 13,07% 37,67%
(37,94%–41,14%) (20,64%–27,15%) (11,62%–14,65%) (32,28%–43,39%)
general clinical 7,03% 10,05% 18,12% 8,22%
(6,23%–7,91%) (7,97%–12,59%) (16,45%–19,92%) (5,57%–11,97%)
other 18,76% 29,98% 17,12% 17,47%
(17,51%–20,07%) (26,6%–33,6%) (15,5%–18,89%) (13,52%–22,27%)
total 100,00% 100,00% 100,00% 100,00%
n: number of observations, percentages: maximum-likelihood estimators, parentheses: 95% conﬁdence interval,
unknown: missing documentation of seniority level.
doi:10.1371/journal.pone.0121910.t003
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care (68 €). Total costs per contact at the outpatient unit were two thirds higher than total costs
per intervention at the outpatient OR with 33 € in comparison to 20 €. However, cost for direct
care at the outpatient OR (19 €) were higher than costs for direct care at the outpatient unit (17
€), due to high shares of time in direct contact with the patient at the outpatient OR.
Discussion
The aim of this study was to analyse the utilisation of physicians’ work time. A further aim was
to use these data to estimate resource use per unit of output. Forty per cent of total work time
was spent in contact with the patient. Thirty per cent was spent with documentation tasks.
Time spent with documentation tasks declined monotonically with increasing seniority of
staff. Costs per unit of output were presented and substantial differences in resources directly
dedicated to the patient were found between wards, ORs and the outpatient department.
The share of time in direct contact with the patient (40%) appears high in comparison with
previously conducted studies. Westbrook et al [19] analysed physicians’ work time distribution
at respiratory, renal/vascular and geriatric medical wards and found physicians to spent be-
tween 17% and 28% of total working in direct contact with the patient. Furthermore, O’Leary
et al [10], Weigl et al [11] and Kloss et [12] found 18%, 34% and 30% of total working time in
direct contact with the patient in internal medicine, surgery and gynaecology, respectively.
The results of work time analyses might not be directly transferable between health care sys-
tems, since organisational patterns, hierarchy levels and average income might be different.
Furthermore, methodological aspects might have influenced results. The abovementioned
studies restricted their analysis to junior physicians. In contrast, the presented study included
participants from all ranks of hierarchy and found the less experienced staff to require more
time for indirect care. These finding was supported by Westbrook et al in 2008 [20], who also
Fig 1. Monetarily valued staff time per unit of output. or: operation room, outpat.: outpatient.
doi:10.1371/journal.pone.0121910.g001
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found time required for indirect care to decrease monotonically with increasing seniority from
19% in interns to 17% in residents and 14% in registrars. Furthermore, Gabow et al [13] found
that residents in their second year required only about half the time for charting that was re-
quired by first years residents. A possible explanation for more time required for indirect care
by junior staff is more efficient fulfilment of required tasks by more experienced staff. However,
it might also be possible that unpopular tasks have been passed down the medical hierarchy.
A strength of the presented study has been the large sample size. This scale would have been
prohibitively costly with other methods, such as time-and-motion studies. However, there are
two potential caveats to all time studies. First, the study period might not have been representa-
tive of regular clinical conditions since admitted patients might have been different or other
factors could have altered usual circumstances. This caveat was addressed by ex ante choosing
a study period that was expected to be mainly representative of the annual average, for instance
without unusually high absence due to factors such as major conferences. Furthermore, ex post
analyses showed no substantial differences in output figures (not shown in results) and clinical
staff reported no unusual events.
Second, study subjects might have altered their behaviour as a mere consequence of their
awareness of being investigated [21]. This caveat was addressed with methodological aspects of
the study design. In particular, Levitt and List [22] presented evidence that two aspects should
have reduced distorting influence of observer effects, meaning strict anonymisation of the
study subjects to the investigator and the absence of an external observer following the partici-
pants. Nevertheless, it has been impossible to completely rule out observer effects.
The study presented a detailed description of the allocation of a main resource in inpatient
care, namely the time of physicians, and resulting costs per unit of output were presented.
These data provided a fundament for analysing the efficiency of the delivery of care. They
should be used for continuous controlling of achieved efficiency by longitudinal surveillance of
performance developments and the identification of areas of potential improvement. Future re-
search should include other aspects of resource use, such as nursing and material costs. Further-
more, more focus should be given to the analysis of factors that influence differences in time
allocation, meaning types of patients, organisation of care processes and composition of staff.
Author Contributions
Conceived and designed the experiments: JW PM AP GA TR. Performed the experiments: JW.
Analyzed the data: JW. Contributed reagents/materials/analysis tools: JW GA TR. Wrote the
paper: JW.
References
1. Callahan D. Cost Control—Time to Get Serious. N Engl J Med. 2009; 361: e10. doi: 10.1056/
NEJMp0905630 PMID: 19641194
2. Aaron HJ. Waste, We Know You Are Out There. N Engl J Med. 2008; 359: 1865–1867. doi: 10.1056/
NEJMp0807204 PMID: 18971487
3. Rosko MD, Proenca J, Zinn JS, Bazzoli GJ. Hospital inefficiency: what is the impact of membership in
different types of systems? Inq J Med Care Organ Provis Financ. 2007; 44: 335–349. doi: 10.5034/
inquiryjrnl_44.3.335
4. Ozcan YA, Luke RD, Haksever C. Ownership and organizational performance. A comparison of techni-
cal efficiency across hospital types. Med Care. 1992; 30: 781–794. PMID: 1518311
5. Massachusetts Hospital Association. Hospital Costs in Context: A Transparent View of the Cost of
Care. Burlington: Massachusetts Hospital Association; 2010.
6. Edwards J, Silow-Carroll S, Lashbrook A. Achieving Efficiency: Lessons from Four Top-Performing
Hospitals-Synthesis Report. Commonwealth Fund; 2011.
A Time Study to Estimate Unit Costs
PLOS ONE | DOI:10.1371/journal.pone.0121910 March 24, 2015 6 / 7
7. Pricewaterhouse Coopers. Patients or paperwork-The Regulatory Burden Facing America’s Hospitals.
Chicago: American Hospital Association; 2006.
8. McCrone P. Mental health economics: current methodological issues. Epidemiol Psychiatr Sci. 2011;
20: 239–243. doi: 10.1017/S2045796011000485 PMID: 21922966
9. Taylor FW. The principles of scientific management. New York, London: Harper & Brothers; 1911.
10. O’Leary KJ, Liebovitz DM, Baker DW. How hospitalists spend their time: insights on efficiency and safe-
ty. J Hosp Med Off Publ Soc Hosp Med. 2006; 1: 88–93. doi: 10.1002/jhm.88
11. Weigl M, Müller A, Zupanc A, Angerer P. Participant observation of time allocation, direct patient con-
tact and simultaneous activities in hospital physicians. BMC Health Serv Res. 2009; 9: 110. doi: 10.
1186/1472-6963-9-110 PMID: 19563625
12. Kloss L, Musial-Bright L, Klapp BF, Groneberg DA, Mache S. Observation and analysis of junior OB/
GYNs’ workflow in German hospitals. Arch Gynecol Obstet. 2010; 281: 871–878. doi: 10.1007/s00404-
009-1194-x PMID: 19639328
13. Gabow PA, Karkhanis A, Knight A, Dixon P, Eisert S, Albert RK. Observations of residents’work activi-
ties for 24 consecutive hours: implications for workflow redesign. Acad Med J Assoc AmMed Coll.
2006; 81: 766–775.
14. Mache S, Kloss L, Heuser I, Klapp BF, Groneberg DA. Real time analysis of psychiatrists’workflow in
German hospitals. Nord J Psychiatry. 2011; 65: 112–116. doi: 10.3109/08039488.2010.504306 PMID:
20662683
15. Tippett LHC. 3—Statistical Methods in Textile Research. Part 3—A Snap-Reading Method og Making
Time-Studies of Machines and Operatives in Factory Surveys. J Text Inst Trans. 1935; 26: 51–70. doi:
10.1080/19447023508661637
16. Wirth P, Kahn L, Perkoff GT. Comparability of Two Methods of Time and Motion Study Used in a Clini-
cal Setting: Work Sampling and Continuous Observation. Med Care. 1977; 15: 953–960. PMID:
926877
17. Wolff J, McCrone P, Auber G, Fiedler P, Patel A, Wetterauer U. Where, When andWhat? A Time Study
of Surgeons’Work in Urology. PLOS ONE. 2014; 9: e92979. doi: 10.1371/journal.pone.0092979 PMID:
24664214
18. Cohen J, Cohen P, West SG. Applied Multiple Regression/Correlation Analysis for the Behavioral Sci-
ences. Revised. New Jersey: Lawrence Erlbaum Assoc Inc; 2002.
19. Westbrook JI, Li L, Georgiou A, Paoloni R, Cullen J. Impact of an electronic medication management
system on hospital doctors’ and nurses’ work: a controlled pre–post, time and motion study. J AmMed
Inform Assoc. 2013; 20: 1150–1158. Available: http://dx.doi.org/10.1136/amiajnl-2012-001414 doi: 10.
1136/amiajnl-2012-001414 PMID: 23715803
20. Westbrook JI, Ampt A, Kearney L, Rob MI. All in a day’s work: an observational study to quantify how
and with whom doctors on hospital wards spend their time. Med J Aust. 2008; 188: 506–509. PMID:
18459920
21. Hart CWM. The Hawthorne Experiments. Can J Econ Polit Sci Rev Can Econ Sci Polit. 1943; 9: 150–
163. doi: 10.2307/137416
22. Levitt SD, List JA. What Do Laboratory Experiments Measuring Social Preferences Reveal About the
Real World? J Econ Perspect. 2007; 21: 153–174. doi: 10.1257/jep.21.2.153
A Time Study to Estimate Unit Costs
PLOS ONE | DOI:10.1371/journal.pone.0121910 March 24, 2015 7 / 7
